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To the Editor: We read with interest the case of
protein-losing enteropathy presented by Chen et al.1
Although the clinical details, laboratory data, and scinti-
graphic findings upheld their impression of protein-losing
enteropathy confined to ascending colon, several
potential pitfalls should be emphasized in the diagnosis
of protein-losing enteropathy by using technetium-
99m-labeled human serum albumin (Tc-99m HSA)
scintigraphy.
Tc-99m HSA scintigraphy is a high-sensitivity diagnostic
tool in imaging protein-losing enteropathy.2 However, any
gastrointestinal bleeding may result in a false-positive
accumulation of enteric Tc-99m HSA activity, because the
radiotracer can leak into the gastrointestinal tract through
blood.3 In addition, in vivo breakdown of the radiotracer
with resultant free pertechnetate concentrating in the gut
may show a false-positive result mimicking radiotracer
exudation. In contrast, the Tc-99m HSA uptake on delayed
images just represents a transit pattern of radiotracer activity
along with bowel lumen rather than the primary site of
protein loss, as non-continuous acquisitions of scintigraphic
images may not grab the intermittent nature of protein loss.4
These phenomena may lead to either incorrect localization
or false-negative results. Therefore, getting acquainted
with these potential pitfalls and detailed assessment of
serial scanning are vital to appropriate diagnosis and
interpretation.
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Technetium-99m-labeled human serum albumin (Tc-99m
HSA) scintigraphy has high sensitivity and specificity in
the diagnosis of protein-losing enteropathy,3 despite some
limitations. False positives may result from active gastro-
intestinal bleeding and in vivo breakdown of Tc-99m HSA,
yielding free pertechnetate from radiolabeling. The former
is easily excluded by fecal occult blood examination and
the latter by the absence of stomach or thyroid visualiza-
tion.4 Tc-99m HSA is stable in vivo, with o0.5% of Tc-
99m HSA found in feces within 24 h.4 Our earlier report5
indicated sufficient labeling efficiency and stability follow-
ing on-site preparation of Tc-99m HSA for clinical
applications. Thus, these two limitations were avoided in
our study. Moreover, there is a very low possibility of a
false positive in our case, because there was no evidence of
radioactivity in the gut of individuals without gastro-
intestinal protein loss.3,6
Another limitation inevitably encountered in the inter-
pretation of Tc-99m HSA images is the identification of
protein loss at the primary site on the delayed image or
at primary or primary-into-secondary multiple sites. Chiu
et al.3 highlighted the importance of serial scanning over
24 h in the imaging of protein-losing enteropathy, because
26% of patients with positive findings had delayed images
24 h after injection, suggesting the intermittent nature of
protein loss from the gut. Two papers7,8 concluded that
multiple sites of protein loss originated in the transit of
bowel activity with its contents from a primary site, rather
than a secondary site, in the absence of the above-
mentioned limitations. Conversely, Wu et al.9 regarded
multiple sites as different primary sites and carried out
treatment. However, none of these papers7–9 confirmed their
examinations by endoscopy or histological examination.
As our study2 did not have the above-mentioned limita-
tions, we concluded that significant radioactivity in one or
more sites of the gastrointestinal tract on the Tc-99m HSA
scan represents leakage of albumin into bowel lumen.6,8
Positive scintigraphic results only provide an indication that
the potential site(s) should be evaluated by pathologic
examination. In our study, we performed series imaging
for up to 24 h and evident radioactivity was obtained only
24 h after injection. We also performed colonoscopy and
pathologic examination, the results of which agreed with the
positive findings on the scans. In conclusion, Tc-99m HSA
scanning is a simple and effective screening method that can
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be used before more extensive investigations of patients
with unexplained hypoalbuminemia and edema.6–9
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To the Editor: In their recent publication, Ashby et al.1
examined serum hepcidin levels in chronic kidney disease
(CKD) using a novel immunoassay. Although they found
a positive correlation between hepcidin and ferritin in
non-dialysis CKD patients, they did not identify a correlation
in patients on hemodialysis with univariate analysis. This
was attributed to a lack of variation in ferritin levels, which
were high because of ‘target-driven treatment with
intravenous iron’.
However, in Table 1 they present a multivariate model
adjusted for erythropoietin and hemoglobin, which shows
a correlation between hepcidin and ferritin (b¼ 0.247,
P¼ 0.013) in the hemodialysis group. Similarly, the authors
state that no relationship was seen between hepcidin and
interleukin-6 levels, but the same multivariate model shows a
correlation between the two variables (b¼ 0.195, P¼ 0.054).
These correlations seen in the multivariate model by
Ashby et al. are in line with previous results indicating that
hepcidin production is increased by iron loading and
inflammation.2 Since their publication, using another
immunoassay, we have found with multivariate analysis a
positive correlation between hepcidin and both high-
sensitivity C-reactive protein and ferritin in pediatric and
adult CKD patients.3 Thus, given its complex regulation,
multivariate analysis may be necessary when attempting to
examine relationships between hepcidin and markers of iron
status, inflammation and erythropoiesis.
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Multiple linear regression (MLR) is a useful technique
for examining the manner in which a set of explanatory
variables account for differences in hepcidin levels within a
group. Zairitsky and Young1 point out that significant partial
correlations emerged in our MLR model for predictors that
were not associated with hepcidin in bivariate analyses, and
suggest that our underinterpretation is due to insufficient
reliance on MLR.
Figure 4 of our report demonstrates clearly the influence
of ferritin and iron loading on hepcidin in renal failure and
dialysis patients, and indicates the ferritin clustering (due
to the regular use of intravenous iron to ensure a minimum
ferritin of 400 ng/ml), which explains the poor correlation
within the dialysis group.2 The MLR model adjusted for
hemoglobin and erythropoietin does hint at other possible
influences, but these were not incorporated into the model,
as several mutually redundant predictors were present, and
further inclusion produced little overall improvement in
the model. For both ferritin and interleukin-6, it is clear
that lack of influence within the group in no way implies
lack of effect on the group.
MLR has significant drawbacks, being highly dependent
on the set of explanatory variables available and the
simultaneous interpretation of multiple P-values. Over-
reliance, particularly when the ratio of observations to
predictors is low, may lead to spurious associations while
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